Additional head of the biceps brachii (AHBB) has been reported in different po (Folia Morphol 2014; 73, 2: 193-198) 
INTRODUCTION
The biceps brachii muscle (BB), located in the anterior compartment of the arm, has usually 2 heads -the short one originates from the coracoid process and the long one stems from the supraglenoid tubercle. Two heads join at the juncture of the upper and mid third of the forearm and then its tendon appears in the proximity of the bi-epicondylar line, and is inserted in the radial tuberosity. It contributes to the flexion and supination of the forearm and is innervated by the musculocutaneous nerve (MCN) [4, 5] .
The BB is a muscle with large variability due to the presence of supernumerary heads arising from the deltoid and pectoralis major muscles, the articular capsule of the shoulder, the coracoid process, the intertubercular sulcus, and the mid third of the humerus, its most common variation [5, 8, 9, 11, 24] . Presence of additional heads of the biceps bra-chii (AHBB) has been reported in a range of 1-25% with its unilateral occurrence being more frequent than its bilateral occurrence [2, 11, 14, [17] [18] [19] [20] . The AHBB has functional and clinical implications given by the possibility of enhancing typical functions to the muscle or producing symptoms of neurovascular compression [7, 17, 26] . Knowing it well allows for the evaluation and management of the disorders of the upper extremity in situations involving these muscular structures. Moreover, this knowledge is relevant for planning surgical approaches in the arm [5, 7, 20] .
Determination of the characteristics of the AHBB has been described with classic dissection techniques or imaging studies in other population groups, some with a clear basic-clinical orientation [3, 6, 8, 11, 16, 22] . Taking into account that the ethnic factor is decisive for the presence of different anatomic expressions of the AHBB and the sparse information of this type in the Mestizo population, the predominant ethnic group in Latin America, it is appropriate to perform this study in fresh cadaver material in order to obtain our own reference information to enrich the morphologic concepts and the medical and surgical applications.
MATERIALS AND METHODS
This non-probabilistic cross-over descriptive study determined the frequency and morphologic characteristics of the AHBB in 106 arms corresponding to 53 fresh cadaver specimens, autopsied at National Institute of Legal and Forensic Medicine of Bucaramanga, Colombia. The sample met the following inclusion criteria: adult males pertaining to the Mestizo racial group (a breed of white Hispanics and natives), without evidence of direct trauma or pathologies involving upper extremity and who were not being subjected to forensic investigation.
An extensive approach of the anterior compartment of the arm was performed using a midline incision, from the mid third of the clavicle to the crease of the elbow, lowering the medial and lateral fasciocutaneous flaps; the muscle pectoralis major was released from its clavicular and sternal origins, thus allowing to visualise the terminal branches of the brachial plexus in the axillary region. Then, the heads of the BB were dissected and the nerve branches that innervate it from its origins to the respective motor points were isolated. The existence of AHBB was recorded along with its morphologic characteristics, rating its thickness as thin when it was less than 10 mm; medium, between 11 and 19 mm, and thick when the thickness was equal to or greater than 20 mm. Similarly, the length of the additional head was measured. According to the criteria of Rodriguez-Niedenfuhr et al. [20] , the location of the AHBB was typified as infero-medial, superior and infero-lateral.
All morphometric assessments were made with a digital caliber (Mitotuyo ® ), and the findings were photographed with Canon T2I camera. The findings were digitised in Excel tables and statistical analyses were conducted using Epi-Info 3.5.3. Nominal variables were described with ratios, and continuous variables with means and standard deviations. Statistical tests included c 2 and Student's t test accepting an alpha error of up to 5%.
RESULTS
One AHBB was observed in 21 (19.8%) of the arms evaluated, with no significant differences (p = 0.568) per side of presentation: 11 cases on the right side (52.4%) and 10 (47.6%) on the left side. There was a bilateral occurrence in 7 (50%) of all cadaver specimens.
In all cases, the AHBB was located in the inferomedial segment of the arm, originating in the surface of the humerus adjacent to the insertion of the coracobrachialis muscle and closely related to the internal intermuscular septum of the arm. The muscle proceeded inferiorly and deeply with respect to the short head of the BB and of the brachialis muscle; it ended up fusing itself to the tendon of the BB, next to the bi-epicondylar line.
The length of the AHBB was 118.3 ± 26.8 mm and the width measured at the mid segment was 17.8 ± ± 6.8 mm, corresponding to 15.1 ± 7 mm to the left side and 20.3 ± 8.8 mm to the right side, with this difference being statistically significant (p = 0.035). In 4 (19%) cases, the muscular fascicle was thin (Fig. 1) ; it was medium in 7 (33.3%) (Fig. 2) , and thick in 10 (47.6%) specimens (Fig. 3) .
In all cases the MCN innervated the AHBB. In 1 case, the MCN shared innervation with a communicating branch originating from the median nerve (Fig. 4) . In 12 (57.1%) specimens, the innervating branch stemmed from the MCN before the emergence of the branch for the brachialis muscle (Fig. 5) ; in 9 (42.9%) cases, the innervating branch for the AHBB emerged from the branch for the brachialis muscle. The length of the innervating branch was
The unilateral and predominantly right-sided occurrence is reported by diverse authors as the most frequent one [2, [17] [18] [19] [20] , whereas Asvat et al. [3] , Kumar et al. [10] and Valekar et al. [27] reported high prevalence of the bilateral expression. In our series we have found a balance between the bilateral and unilateral expressions, in agreement with other studies [13, 22] .
The wide range of incidence of AHBB reported by diverse authors is probably due to the ancestral biologic characteristics that determine the variable expression of these structures in the population groups evaluated. Thus, for example, different studies conducted in the Indian population have reported a low incidence of the AHBB [5, 10, 16, 18, 22] , whereas reports from Caucasian populations are controversial: Khaledpour [6] report a low incidence, whereas Santo-Neto et al. [23] report 20% incidence. Our study conducted in the Mestizo population reports a high incidence, but slightly lower than the incidence 36.1 ± 12.3 mm, and the motor point was located at 101.3 ± 20.9 mm of the bi-epicondylar line.
In 5 (23.8%) cases, the AHBB showed the presence of the communicating branch between the MCN and the median nerve, and in 2 (9.5%) cases it had an anomalous origin from the MCN characterised in that it did not perforate the coracobrachialis muscle (Fig. 5) .
DISCUSSION
The presence of the AHBB is an uncommon variation in some population groups. Low incidences in a range of 0.7-3.8% have been reported by several studies [5, 6, 10, 11, 16-18, 21, 22] . Santos-Neto et al. [23] and other investigators report mean incidences within a range of 6.2-12.5% [3, 7, 9, 13, 17, 20, 27] . Our findings (19.8%) are in the high incidence reported by Al-Kushi [2] -15%, Santo-Neto et al. [23] in a Caucasian population -20%, Asvat et al. reported in this same group population by Rincón et al. [19] (25%). Similarly, it should be taken into account that sample size has a substantial impact on the figures reported, and therefore reports from studies with small samples are unreliable, thus allowing us to infer that as the universe of the structures evaluated grows larger, the figures reported will vary substantially [3, 11, 19, 20] . The presence of AHBB may be clinically silent and go unnoticed until it is discovered during a surgical procedure or an autopsy. This variation acquires special meaning during surgical procedures of the inferior segment of the arm and the elbow, because it may cause difficulties for the operator to appropriately recognise the structures composing this anatomic region, thus increasing the risk of iatrogenesis [5, 17, 18] .
Similar to what was observed in our study, the infero-medial surface of the humerus has been reported in the literature as the most frequent site of origin of the AHBB [3, 5, 7, 11, 13, 17, 20] . Few works [10, 14, 27] have reported the predominant localisation of the AHBB in the upper segment of the arm, joined to its long or short heads. Asvat et al. [3] and Rodriguez-Niedenfuhr et al. [20] have reported the anterolateral segment of the arm as a rare location for the AHBB.
The supernumerary head originating in the anteromedial surface of the humerus, adjacent to the insertion zone of the coracobrachialis muscle, may be interpreted as representing a remanent of the long portion of the coracobrachialis muscle, a condition observed in ancestral hominidae, where the coracobrachialis is inserted in the radial tuberosity sharing a tendon with the BB; it has also been proposed, that the AHBB is a derivation of the brachialis muscle whose insertion has been translocated from the coracoid process of the ulna to the radial tuberosity [18, 25] . Similarly, modifications in mesenchymal condensation during embryogenesis characterised by contact between muscle and nerve cells of the upper extremity, probably determined by gene factors, could explain the presence of this anatomic variation [15] .
Few of the prior works have been focused on the morphometric aspects of the AHBB. The length of the additional head found in the present study (118.3 mm) is similar to that reported by Rincón et al. [19] , Ilayperuma et al. [11] and some other authors [4, 9] whereas Parasquevas et al. [16] and Abu-Hijleh et al. [1] reported a length of 65 mm and 95 mm, respectively. The width of this muscle head has been reported within a range of 15-24 mm [1, 5, 9, 11, 16, 19, 27] , consistent with our findings. The characterisation of the size of the AHBB as thin, medium and thick, proposed in the present study, allows to enrich the descriptions of this structure. Of note, a thick AHBB was found with the higher frequency (47.6%) in this work. Most prior reports [1, 3, 5, 11, [19] [20] [21] coincide in indicating that the AHBB is innervated by the MCN. We have found 1 case of shared innervation between the MCN and the communicating branch of the median nerve. Al-Kushi [2] has reported the innervation of the AHBB by the median nerve, very likely in the absence of the MCN. Similarly, no prior work has ever made a morphometric and qualitative characterisation of the innervation of the AHBB, this information being relevant for arm surgery planning.
The presence of the AHBB has both functional and clinical implications; it may contribute to an increase in the flexion and supination capacity of the forearm, and when the presence is unilateral, it is often confused with some soft tissue tumour. In presence of fractures of the segment distal of the humerus, it contributes to or increases bone displacement [9, 13, 17, 23] .
The AHBB associated with the simultaneous presence of the communicating branch between the musculocutaneous and median nerves observed in our series in 23.8% of the cases, is a characteristic also described in the works by Kosugi et al. [9] and Maeda et al. [12] , who reported this trait in 27.8% and 30.1%, respectively, in Japanese populations. Having in mind the presence and location of the communicating branch in the mid or lower thirds of the arm associated to muscle variants, such as the AHBB during surgical approaches, will possibly decrease the risk of injuring these structures. An injury of the musculocutaneous nerve above the emergence of the communicating branch may cause the paralysis of the supernumerary head of the biceps brachii, of the brachialis muscle, and anaesthesia of the lateral aspect of the forearm, in addition to the partial motor and sensorial deficit expected from the injury of the median nerve.
CONCLUSIONS
The incidence of AHBB observed in our work is in the upper limit of the range reported in the literature, and could be a morphologic trait of the Colombian population. In agreement with prior studies, in most cases this structure originates from the infero-medial surface of the humerus. Of note is the significant simultaneous presence of the AHBB with an anomalous origin, and branches communicating the MCN to the median nerve. Morphologic characterisation of the AHBB and the morphometry of its innervation provide relevant information for surgical planning of the distal segment of the arm.
